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"S" SHAPED CAST IN WIRE 
This patent application claims priority on co-pending United States Provisional Application 
Serial No. 60/298,555 filed June 15, 2001, entitled m S' Shaped Cast In Wire." 

The present invention pertains to the art of welding, and more particularly to welding wires 
used in welding machines. 
5 INCORPORATION BY REFERENCE 

United States Provisional Application Serial No. 60/298,555 filed June 1 5, 200 1 entitled m S' 
Shaped Cast In Wire" is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 
One of the lingering problems in the field of welding is the consistent formation and 
1 0 placement of a quality weld bead. Various measures have been employed to achieve this goal. For 
instance, the waveform of the welding current has been closely controlled to achieve better weld 
bead formation and weld bead quality. In addition, the feed rate of a weld wire has been controlled 
to produce a higher quality weld bead. The composition of the consumable weld wire and various 
types of shielding gases used during the welding process have been employed to achieve higher 
1 5 quality weld beads. Although many of these techniques have significantly improved weld bead 
quality, consistent weld bead placement on a workpiece has remained illusive. 

One of the remaining problems with obtaining a consistent weld bead placement on a 
workpiece is the position of the weld wire relative to the workpiece as the weld bead is being 
formed. It has been found that when the position of the tip of the weld wire varies relative to the 
20 welding tip of a welder, the consistency of the weld bead placement degrades. It is common industry 
practice to feed a "killed" weld wire to a welder during the welding process. A "killed" weld wire 
is a weld wire that has had its shape memory removed prior to the weld wire being wound onto a 
reel, spool, container, or the like. When the weld wire is wound on the reel, spool, container, or the 
like, the weld wire adopts a new shape as it is being wound. When the weld wire is unwound from 
25 the reel, spool, container, or the like, the weld wire adopts a new shape during the unwinding 
process. As a result, the shape of the unwound wire will vary along the longitudinal length of the 
unwound weld wire. Once the unwound weld wire is cut into various sections, the unwound wire 
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retains its adopted shape obtained when being unwound from the reel, spool, container, or the like. 
Further modifications to the shape of the weld wire can result during the cutting process and/or while 
the weld wire is positioned for being cut and/or as the weld wire is fed into the welding machine. 
Since the weld wire has no memory, the weld wire constantly modifies its shape as it passes through 
the weld gun, thus resulting in inconsistent positioning of the weld wire as it exits the welding tip 
of the welding gun or torch. This inconsistent positioning of the weld wire results in inconsistent 
placement of the weld bead onto a workplace. 

Various techniques have been used by operators to minimize this attribute of the weld wire. 
One technique is for the operator to cut the weld wire in certain positions relative to the unwound 
weld wire to obtain a desired weld wire profile for the cut weld wire section. The operator can 
further modify the shape of the weld wire by hand as he/she deems fit. Although these techniques 
can improve weld bead placement on a workpiece, the weld bead placement consistency varies 
widely between operator and from the use of different cut sections of the weld wire. 

When the weld wire is automatically fed into a welding machine, such as in a robotic welder, 
problems with consistent weld bead placement can be severe. Typically, robotic welders follow a 
predefined path when forming a weld bead. The varying position of the weld wire as it exits the 
welding tip of the robotic welder can cause significant weld bead placement deviation during the 
welding process. During manual welding, the operator has the ability to attempt to correct and/or 
compensate for weld bead placement; however, such techniques are inapplicable to robotic welders. 

In addition to the problems associated with the use of "killed" wire in obtaining consistent 
weld bead placement, the "lolled" wire is more susceptible to bending and the formation of kinks in 
the weld wire as the weld wire travels through the weld gun, thereby resulting in undesired weld 
bead placement and the possibility of a low quality weld bead. 

In view of the persistent problems of weld bead placement during a welding operation, there 
is a demand for an improved weld wire which addresses the problem associated with consistent weld 
bead placement onto a workpiece. 

SUMMARY OF THE INVENTION 

The present invention pertains to an improved weld wire and a process for making the 
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improved weld wire for use in various types of welding machines. These welding machines can 
include automated welders and manual welders. In addition, the weld wire can be used in various 
types of welding processes such as MIG, MAG, or STT welding, or in other types of welding 
processes wherein a consumable electrode is utilized to form a weld bead onto a workpiece. The 
5 improved weld wire in accordance with the present invention involves the utilization of a weld wire 
that has a shape memory imparted onto the weld wire prior to and/or at the time the weld wire is 
wound onto a reel, spool, container, or the like, and which shape memory is fully or partially retained 
by the weld wire as the weld wire is unwound from the reel, spool, container, or the like. The use 
of weld wire with a shape memory is a deviation from common industry practice that teaches that 

1 0 weld wire that is fed into a welding machine should have little or no shape memory. The common 
practice in the industry was to "kill" the wire or otherwise remove the shape memory of the wire 
prior to winding the weld wire onto a reel, spool, container, or the like. It was commonly believed 
that a weld wire having a shape memory would adversely affect the unwinding of the weld wire from 
the reel, spool, container, or the like during the welding process and would further be more 

1 5 susceptible to kinks, bends and other problems as the weld wire is fed through the welder during the 
welding process. Furthermore, it was commonly believed that a weld wire with shape memory 
would aggravate the problem associated with consistent weld bead placement. Surprisingly, the use 
of a shape memory weld wire in accordance with the present invention results in the formation of 
a weld bead having better consistent placement during the welding operation and the formation of 

20 higher quality weld beads than weld beads formed by "killed" weld wires. The use of a weld wire 
with shape memory has also been found to form a more robust weld bead during the welding 
process. Furthermore, the use of a weld wire with shape memory has been found to reduce the 
occurrence of bends and kinks in the welding wire as it is being cut for use during the welding 
process and/or during the feeding of the weld wire through a welding machine during the welding 

25 process. It has also been found that the use of a weld wire with shape memory reduces or 
substantially eliminates the operator's control over the weld wire shape. In the past, weld wire that 
has been "killed" could be cut at various locations to help improve the weld bead placement. 
However, the shape of the cut weld wire was inconsistent from one operator to the next, and 
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furthermore the shape of the weld wire was inconsistent from one cut section to another. As a result, 
the operator had significant control over the resulting consistency of weld bead placement. The use 
of a weld wire with shape memory in accordance with the present invention overcomes this 
inconsistency problem since similar cut weld wire sections will have substantially the same shape 
5 from one cut section to the next. In addition, the weld wire with shape memory will resist further 
shape modifications during the cutting process and as the weld wire is fed through a welder. 
Consequently, as the weld wire with shape memory is fed through the contact tip of a welding gun, 
the weld wire will be similarly positioned relative to the tip from one cut section to the next, thus 
forming a more consistent weld bead placement during the welding operation. 

10 - In accordance with the present invention, there is provided a weld wire with a predefined 
shape memory imparted onto the welding wire prior to the welding wire being wound onto a reel, 
spool, container, or the like. The shape memory of the weld wire is fully or partially retained by the 
weld wire as the weld wire is wound and unwound from a reel, spool, container, or the like and as 
the weld wire is fed through a welding machine. The shape memory on the weld wire can be formed 

15 from a variety of processes such as, but not limited to, a casting process. The shape memory 
imparted onto the weld wire can occur during the formation of the weld wire and/or by a process 
subsequent to the formation of the weld wire. In one embodiment, the weld wire is formed by an 
extrusion process wherein the weld wire is imparted a shape memory during the extrusion process. 
As can be appreciated, the weld wire can be formed by other processes. In one aspect of this 

20 embodiment, the desired shape memory of the weld wire is at least partially imparted onto the weld 
wire as the weld wire is formed by the extrusion process. In another aspect of this embodiment, the 
desired shape memory imparted onto the weld wire is formed subsequently to the formation of the 
weld wire by an extrusion process or by some other process. In this aspect, the shape memory 
imparted onto the weld wire during the formation of the weld wire can be partially or fully removed 

25 from the weld wire and subsequently the desired shape memory is then imparted on the weld wire 
by one or more processes, such as, but not limited to, a casting process. 

In another aspect of the present invention, the desired shape memory imparted onto the weld 
wire is selected to maximize the consistency of weld bead placement on a workpiece. In one 
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embodiment, the shape memory of the weld wire is imparted substantially in one plane along the 
longitudinal length of the weld wire. In one aspect of this embodiment, the cut weld wire, when laid 
upon a flat ground surface, rises above the flat ground surface less than about 6 inches, generally less 
than about 5 inches, typically less than about 4 inches, more typically less than about 3 inches, even 
more typically less than about 2 inches, and still even more typically less than about 1 .5 inches. As 
can be appreciated, the less the weld wire deviates from the single plane, the better the consistency 
of weld bead placement typically obtained. In another embodiment, the shape memory imparted on 
the weld wire is in multiple planes. In this embodiment, the predefined shape of the shape memory 
on the weld wire has a repeating pattern which exists in multiple planes and which results in a more 
consistent weld bead placement during the welding process. In one aspect of this embodiment, the 
deviation from the predefined shape memory in multiple planes is less than about 6 inches, generally 
less than about 5 inches, typically less than about 3 inches, more typically less than about 2 inches, 
and even more typically less than 1 .5 inches. As can be appreciated, better weld bead placement is 
typically obtained as the deviation from the desired shape memory that has been imparted onto the 
weld bead approaches zero. 

In still another embodiment, the desired shape memory imparted onto the weld wire is a 
waveform; however, as can be appreciated, other shapes for the shape memory can be imparted onto 
the weld wire. In one aspect of this embodiment, the maximum amplitude of the waveform is 
substantially the same throughout the length of the cut section of the weld wire. The maximum 
amplitude of each half cycle of the cut weld wire can vary sightly depending upon the position of the 
weld wire on the reel, spool, container, or the like as it is being unwound from the reel, spool, 
container, or the like. Furthermore, the maximum amplitude of the half cycle of the cut weld wire 
can also vary depending on the weld wire diameter. Generally, the deviation of the maximum 
amplitude of each half cycle within one cycle of the cut weld wire varies less than about 6 inches, 
typically less than about 4 inches, more typically less than about 2 inches, and even more typically 
less than about 1 inch. As can be appreciated, the less deviation from maximum amplitude to 
maximum amplitude for each half cycle of the cut weld wire results in better consistency of weld 
bead placement typically obtained. In another aspect of this embodiment, the maximum amplitude 
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of each half cycle of the cut weld wire is generally less than about 60 inches, typically 5-40 inches, 
more typically about 10-22 inches, and even more typically about 14-20 inches. As can be 
appreciated, other maximum amplitudes can be used for various types of welding operations. In still 
another aspect of this embodiment, the length of each cycle of the cut weld wire section is the same 
or substantially the same for adjacent positioned cycles. The length of each cycle of cut weld wire 
section can vary depending on the position of the weld wire as it is being unwound from a reel, 
spool, container, or the like. The diameter of the wire can also affect the length of each cycle of the 
cut weld wire section. Generally, the deviation of the length of each weld wire section is less than 
about 1 5 inches, typically less than about 1 0 inches, more typically less than about 6 inches, and even 
more typically less than about 5 inches, and still even more typically less than about 2 inches. As 
can be appreciated, the less deviation from the length of the cycle to the cycle of the cut weld wire, 
the better the consistency of the weld bead's position will be typically obtained. The length of each 
cycle of the cut weld wire sections will vary depending on the particular weld operation. Generally, 
the length of each cycle of the cut weld wire section is less than about 200 inches, and typically less 
than about 1 50 inches, and more typically about 40-120 inches, and even more typically about 50- 
100 inches, and still even more typically about 60-90 inches. As can be appreciated, other wire 
dimensions can be used. In still yet another embodiment of the present invention, the imparted shape 
memory on the weld wire creates a waveform for a cut section of the weld wire, wherein each half 
cycle has a substantially semi-circular shape, wherein each half cycle for each cycle of the cut weld 
wire section has substantially the same radius. 

In still yet another aspect of the present invention, the shape memory imparted onto the weld 
wire is selected to improve the quality of the weld bead and facilitate in the formation of the weld 
bead. In one embodiment, the shape memory imparted onto the weld wire causes the weld wire to 
flip as the weld wire is fed through the welding tip of the welding gun. This flipping phenomenon 
results in the welding wire always being in the same or substantially in the same position relative to 
the welding tip as the welding wire is fed through the welding tip, thereby resulting in a more 
consistent position of the weld bead. The number of flips of the weld wire is typically dependent 
on the maximum amplitude of each cycle of the weld wire, the length of the cut section of the weld 
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wire, the diameter of the weld wire, and the length of the cycles of the weld wire. In another 
embodiment, the shape memory imparted onto the weld wire inhibits or reduces the susceptibility 
of the weld wire being bent or otherwise kink as it is being unwound from a reel, spool, container, 
or the like and/or as the weld wire is fed through the weld gun or torch or other components of the 
welding machine. When the weld wire bends, kinks or otherwise does not properly feed through the 
welding machine during the welding process, the consistency of position of the weld bead and/or the 
quality of the weld bead can deteriorate. The use of the shape memory weld wire reduces such 
incidences since the imparted shape memory resists changes in such imparted shape, thereby 
improving the consistency of high quality weld beads and better ensuring consistent placement of 
the weld bead during the welding process. In still another embodiment, the shape memory imparted 
onto the weld wire facilitates in the heating of the weld wire at the welding tip of the welding gun. 
The imparted shape memory onto the welding wire causes the welding wire, as it travels through the 
welding tip of the welder, to engage the side of the welding tip prior to exiting the welding tip. This 
friction creates heat, which in turn facilitates in the melting of the tip of the weld wire during the 
welding process, thereby achieving a higher quality and more robust weld bead during the welding 
process. 

It is the primary object of the present invention to provide an improved weld wire which 
obtains better placement consistency of the weld bead onto a workpiece. 

It is another and/or alternative object of the present invention to provide a weld wire which 
has an imparted shape memory which lies in a substantially single plane. 
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It is still another and/or alternative object of the present invention to provide a weld wire 
which has reduced susceptibility to bending and/or kinks as the weld wire is unwound from a reel, 
spool, container, or the like and/or as the weld wire is fed through a welding machine. 

It is yet another and/or alternative object of the present invention to provide a weld wire 
5 which facilitates in the heating of the weld wire during the welding process. 

It is still yet another and/or alternative object of the present invention to provide a weld wire 
which forms a more robust weld. 

It is a further and/or alternative object of the present invention to provide a weld wire which 
reduces inconsistency of shape when being cut into sections by an operator. 
10 It is yet a further and/or alternative object of the present invention to provide a weld wire 

which can be successfully used in robotic welding to obtain consistent placement of the weld bead 
onto a predefined path on a workpiece. 

It is still yet a further and/or alternative object of the present invention to provide a weld wire 
having a shape memory in the form of a waveform. 
15 It is another and/or alternative object of the present invention to provide a weld wire which 

has a desired shape memory imparted on the weld wire after the weld wire has been formed and prior 
to the time the weld wire is wound onto a reel, spool, container, or the like. 

These and other objects of the invention will become apparent to those skilled in the art upon 
reading and understanding the following detailed description of the preferred embodiments taken 
20 together with the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The invention may take physical form in certain parts and arrangement of parts, preferred 
embodiments of which will be described in detail and illustrated in the accompanying drawings 
which form a part hereof and wherein: 
25 FIGURE 1 is an illustration of a workpiece having a plurality of weld beads formed on the 

workpiece by prior art weld wires; 

FIGURE 2 is an illustration of a weld bead formed by a prior art weld wire; 

FIGURE 3 is an illustration of another weld bead formed by another type of prior art weld 
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wire; 

FIGURE 4 illustrates the waveform shape of a "killed" prior art weld wire after it is being 
unwound from a spool; 

FIGURE 4 A illustrates the shape of a cut section of the weld wire of FIGURE 4; 
FIGURE 5 illustrates the arcuate shape of another "killed" weld wire after it is being 
unwound from a spool; 

FIGURE 5 A illustrates a cut section of the "killed" weld wire of FIGURE 5; 
FIGURE 6 illustrates the shape of another "killed" weld wire after it is being unwound from 
a spool; 

FIGURE 6A illustrates the coiled shape of a cut section of the weld wire of FIGURE 6; 
FIGURE 7 illustrates a "killed" prior art weld wire being unwound from a spool; 
FIGURE 8 illustrates the waveform of the shape memory weld wire of the present invention 
after it is being unwound from a spool; 

FIGURE 8 A illustrates the shape of the shape memory weld wire after it has been cut from 
the unwound weld wire of FIGURE 8; 

FIGURE 8B is a cross-sectional view of the shape memory weld wire along lines 8B-8B of 
FIGURE 8A; 

FIGURE 9 illustrates the shape memory weld wire as it is directed through the tip of a 
welding gun onto a workpiece; 

FIGURE 10 is a cross-sectional view of the weld tip along lines 10-10 of FIGURE 9; and, 
FIGURE 1 1 illustrates the shape memory weld wire as it is being unwound from a spool. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Referring now to the drawings wherein the showings are for the purpose of illustrating the 
preferred embodiments only and not for the purpose of limiting the same, FIGURE 1 illustrates a 
workpiece 20 which includes three weld beads 30 formed by "killed" prior art weld wires. As shown 
in FIGURE 1 , the desired weld bead path for each of the three weld beads was supposed to be linear 
in shape; however, due to the inconsistencies resulting from the weld wire's position as it exited the 
welding tip, the resulting weld beads had several deviations from the desired linear path. Referring 
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now to FIGURES 2 and 3, enlarged views of the erratic weld bead path formed by prior art "killed" 
weld wire are illustrated. Common industry practice has taught that weld wire unwound from a 
spool should be "killed." In other words, the memory of the weld wire should be removed prior to 
the weld wire being wound onto a spool of weld wire. As such, when weld wire 40 is unwound from 
spool 50, as illustrated in FIGURE 7, and subsequently cut and fed into a welding machine and 
through a welding gun during the welding operation, the weld wire has no retained shape memory 
characteristics. Consequently, as the weld wire is wound onto the spool, the weld wire adopts a 
shape during the winding process. Furthermore, as the weld wire is unwound from the spool, the 
weld wire adopts another shape. Further modifications to the shape of the "killed" weld wire occur 
when the weld wire is cut into sections, when the weld wire is slightly modified in shape by the 
operator, and as the weld wire is fed through the welding tip of the welder. 

Referring now to FIGURES 4-6, several prior art weld wires are illustrated. In FIGURE 4, 
the shape of the unwound weld wire 40 from spool 50 is a waveform having an amplitude for each 
half cycle of about 3 inches. The plane in which the waveform lies for the weld wire is typically in 
multiple planes and has no consistency from one cycle to the next. FIGURE 4 A illustrates the shape 
of the weld wire when it is cut into a section 42 at the arrows indicated in FIGURE 4. As shown in 
FIGURE 4 A, weld wire section 42 maintains substantially the same shape as the weld wire location 
from which it is cut. Referring now to FIGURE 5, the unwound weld wire has a substantially 
arcuate shape. As with the weld wire in FIGURE 4, the plane of the arcuate shape is typically in 
multiple planes and is not consistent along the longitudinal length of the weld wire. FIGURE 5A 
illustrates the shape of the cut weld wire section 44 from the weld wire as shown in FIGURE 5. This 
weld wire section retains a similar shape to the weld wire from which it is cut. Referring now to 
FIGURE 6, the weld wire, as it is unwound from a spool, takes the form of a coil shape. The shape, 
size and plane in which the coils lie along the longitudinal length of the weld wire typically vary. 
As shown in FIGURE 6A, a cut section of the weld wire 46 retains the same shape as the cut section 
of the weld wire as shown in FIGURE 6. Since the weld wires of FIGURES 4-6 have no shape 
memory, the weld wire has inconsistent placement in the welding gun as the weld wire travels 
through the welding gun during the formation of the weld bead. As a result, the formed weld bead 
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varies in placement during the welding operation as illustrated in FIGURES 1 -3 . In addition, the loss 
of memory of the weld wire makes the weld wire more susceptible to kinks or bends as the weld wire 
travels through the welding gun, thereby resulting in added inconsistent weld bead placement and 
the possibility of the formation of a low quality weld bead. 
5 Referring now to FIGURE 8, the improved weld wire 60 having an imparted desired shape 

memory is illustrated. Weld wire 60 deviates from common industry practice by maintaining or 
creating shape memory in the weld wire as the weld wire is wound onto a spool of weld wire or prior 
to the weld wire being wound onto the spool of weld wire. As such, the weld wire has a desired 
shape memory when the weld wire is unwound from the spool of weld wire and fed through a 

10 welding gun. Surprisingly, it has been found that the use of a weld wire having shape memory 
results in the placement of a weld bead during the welding operation which is more consistent and 
of a higher quality than weld beads formed by a "killed" weld wire having little or no shape memory. 
The use of the shape memory weld wire also has been found to create a more robust weld bead 
during the welding process. In addition, the use of the shape memory weld wire reduces and/or 

15 eliminates the inconsistencies in the weld wire section shapes that previously were caused by 
inconsistencies in sections of weld wires cut by operators. In the past, weld wire without shape 
memory could be cut at various locations by the operator to help improve the shape of the weld wire 
thereby improving weld bead placement. However, the shape of the cut weld wire was not consistent 
from operator to operator and from section to section of the weld wire. As a result, the skill of the 

20 operator in forming the particular cut section of a weld wire affected the consistency of weld bead 
placement during the welding operation. The use of the shape memory weld wire of the present 
invention overcomes this inconsistency problem since similar cut weld wire sections have the same 
or similar shape, thereby eliminating the need for an operator to further modify the shape of the weld 
wire. As such, when the weld wire is fed through the contact tip of the welding gun, the weld wire 

25 will be similarly positioned relative to the welding tip, thus resulting in a more consistent weld bead 
placement during the welding operation. 

The desired shape memory imparted onto the weld wire can be imparted onto the weld wire 
at the time the weld wire is formed and/or at a time subsequent to the weld wire being formed. The 
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weld wire is typically informed by standard extrusion processes; however, other processes can be 
used. During the extrusion process, the weld wire has a shape memory imparted onto the weld wire. 
Typically, the shape memory has an inconsistent shape along the longitudinal length of the weld 
wire. As a result, the weld wire formed by the extrusion process is typically "killed," and the desired 
shape memory is subsequently imparted onto the weld wire by various other processes such as, but 
not limited to, a casting process. As can be appreciated, the desired shape memory can be imparted 
onto the weld wire during the extrusion process for the weld wire. Alternatively, the shape memory 
imparted onto the weld wire during the extrusion process can be fully or partially retained on the 
weld wire prior to the weld wire being subjected to a subsequent shaping process which imparts the 
desired shape memory onto the weld wire. Once the shape memory is imparted onto the weld wire, 
the weld wire is wound onto a spool of weld wire. The shape memory that is imparted onto the weld 
wire is fully or substantially retained in the weld wire as the weld wire is wound onto the spool and 
subsequently unwound from the spool prior to being cut and/or inserted and/or fed through a welding 
machine to form a weld bead onto a workpiece. 

Referring again to FIGURE 8, as weld wire 60 is unwound from the spool, the weld wire 
may or may not have a notable waveform. Indeed, the imparted memory shape onto the weld wire 
may substantially deviate from the waveform of the weld wire as it is unwound from the spool. As 
shown in FIGURE 1 1 , weld wire 60 is unwound from spool 70 while spool 70 is maintained in a 
non-rotatable position. An arm, not shown, is used to unwind weld wire 60 from the spool resulting 
in the shape of the weld wire, as shown in FIGURE 8. During the unwinding process, the weld wire 
is typically under tension and does not revert back to its imparted shape until the weld wire is cut 
into a weld wire section 62, as illustrated in FIGURE 8A. As shown in FIGURE 8A, cut weld wire 
section 62 reverts back into a uniform waveform. The residual stress in weld wire 60 causes the cut 
weld wire section 62 to revert into the imparted memory shape. As shown in FIGURE 8B, when the 
weld wire section 62 is laid upon a flat ground surface G, the imparted shape memory on the wire 
is substantially in one plane. As such, the weld wire section 62 substantially does not rise above the 
flat ground surface. Typically, the cut weld wire section 62 does not deviate from the flat ground 
surface by more than about 5 inches, more typically less than about 3 inches, still more typically less 
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than about 2 inches, and even more typically less than about 1 .5 inches. Deviations that are too large 
can result in inferior weld bead placement consistency. As shown in FIGURE 8 A, each half cycle 
of the waveform is substantially semi-circular and has a radius of about 35 inches. The maximum 
amplitude of the waveform for each half cycle is generally substantially the same throughout the 
5 length of the cut wire section. Typically, the maximum amplitude of each half cycle of the cut weld 
wire section varies less than about 6 inches, more typically less than about 4 inches, and still more 
typically less than about 2 inches. Although the maximum amplitude of each half cycle of the cut 
weld wire section is illustrated as being about 35 inches, other maximum amplitudes can be selected 
depending on the welding process. For most cut weld wire sections, the maximum amplitude of each 

1 0 half cycle is typically about 5-40 inches, more typically about 1 0-22 inches, and even more typically 
about 14-20 inches. As shown in FIGURES 8 A and 8B, the length of each half cycle of the 
waveform of the cut weld wire section is substantially the same. Typically, the deviation of each half 
cycle will vary less than about 6 inches, more typically less than about 4 inches, still more typically 
less than about 2 inches, and even more typically less than 1 .5 inches. In addition, the length of each 

15 cycle of a cut section of the weld wire typically is substantially the same. The length can vary 
somewhat based upon the position of the weld wire on spool 70 as it is unwound from spool 70; 
however, such deviation is typically small. Typically, the length of each cycle of the cut weld wire 
section varies less than about 1 5 inches, more typically less than about 1 0 inches, and still more 
typically less than about 5 inches. The length of each cycle of cut weld wire section can also vary 

20 depending on the position of the weld wire as it is unwound from the spool and/or on the diameter 
of the weld wire. The length of each cycle is typically less than about 150 inches, and more typically 
40-120 inches, and even more typically 50-100 inches, and still even more typically 60-90 inches. 
Other lengths of the cycle can be used. As shown in FIGURE 8A, the length of the weld cycle is 
approximately 70 inches, and the length of the weld wire forming the cycle is about 220 inches. 

25 The waveform of the shape memory weld wire causes the weld wire to flip as the weld wire 

is fed through the welding tip of the welding gun. This flipping phenomenon results in the weld wire 
being in substantially the same position relative to the welding tip as the weld wire is fed through 
the welding tip, thereby resulting in a more consistent positioning of the weld bead during the 
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welding process. For a weld wire having a maximum amplitude of about 14-20 inches and a cycle 
length of about 60-90 inches, the number of flips of the weld wire that can occur within 5-10 cycles 
is about 2-6. The number of flips of the weld wire is at least partially dependent on the maximum 
amplitude of the weld wire, the length of the cut section of the weld wire and the length of cycles 
of the weld wire. 

Referring now to FIGURES 9 and 10, weld wire 60 is illustrated as being fed through weld 
gun 80 and through weld tip 90 onto workpiece 100. As weld wire 60 is fed through weld tip 90, 
the weld wire substantially maintains its position with respect to the welding tip, thereby forming 
a more consistently positioned weld bead. As shown in FIGURE 10, weld wire 60 engages 
passageway 92 of weld tip 90 thereby causing friction between the weld wire and passageway. This 
friction results in increased melting point friction which imparts heat onto the weld wire thereby 
facilitating in the melting of the weld wire during the formation of the weld bead. Weld wire that 
is "killed" is merely reshaped in the welding tip, thus resulting in little melting point friction. The 
shape memory of weld wire 60 resists being reshaped by the welding tip, thus resulting in greater 
melting point friction being generated as the weld wire passes through the welding tip. 

The invention has been described with reference to the preferred embodiments. These and 
other modifications of the preferred embodiments as well as other embodiments of the invention will 
be obvious from the disclosure herein, whereby the foregoing descriptive matter is to be interpreted 
merely as illustrative of the invention and not as a limitation. It is intended to include all such 
modifications and alterations insofar as they come within the scope of the appended claims. 
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